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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the phase change optical recording medium which 
irradiates a light beam and performs informational record and playback. 

[0002] 

[Description of the Prior Art] The phase change optical recording medium which irradiates a light beam \ 
and perfonns informational record and playback has large capacity nature, rapid access nature, and 
medium portability. It continues to be expected that the application spreads by densification. The 
principle of a phase change optical recording medium is as follows. That is, at the time of record, the : 
light beam of record power level is irradiated at the phase change optical recording layer of a I 
crystaUized state, a record part is heated more than the melting point, it quenches in a short time of 
under crystallization time amoimt, and an amorphous record mark is formed. At this time, over-writing : 
by optical intensity modulation is possible. At the time of playback, recording information is read using \ 
the difference in the reflection factor of the crystal section and the amorphous section. 
[0003] In order to acquire good over-writing properties (gamma property, repeat property, etc.), as for a i 
phase change optical recording medium, it is desirable to have the laminated structure in which rapid 
heating quenching is possible. The typical phase change optical recording medium of a rapid heating 
quenching configuration has the laminated structure which carried out sequential formation of the 1st 
interference layer which consists of a 100-200nm comparatively thick dielectric for example, on a 
substrate, a 10-30nm thin phase change optical recording layer, the 2nd interference layer which consists: 
of a 10-40nm comparatively thin dielectric, and the reflecting layer which consists of a metal with a 
comparatively thick high temperature conductivity of 5 0- 1 OOnm. 

[0004] As a technique which improves further the recording density of such a phase change optical 
recording medium, mark length record (mark edge detection), and a land / groove record are known. By ; 
modulating record mark length and recording information on a record mark edge, mark length record 
shortens a bit pitch and can expect about 1.5 times as many densification as this as compared with the 
conventional mark position record. In order to realize mark length record, it will be the requisite that 
fluctuation of a mark edge location is small. In order to control fluctuation of a mark edge location, 
when a recording layer is expected fi-om a Ught beam incidence side, it is necessary to set up so that the i 
effectual rate of light absorption of the amorphous section (Aa) may become lower than the effectual 
rate of light absorption of the crystal section (Ac). This reason is for requiring latent heat, when 
recording an amorphous mark on the crystal section on an amorphous mark as compared with the case 
where an amorphous mark is recorded, at the time of over-writing. 

[0005] By setting the depth of a groove about [ of laser wavelength ] to 1/6, and reducing a cross talk, a \ 
land / groove record enables record to a land and a groove, and can expect twice [ about ] as many 
densification as this as compared with the method recorded only on. a conventional land or a 
conventional groove. In a land / groove record, it becomes important to control the phenomenon (cross ; 
erasion) in which the record mark edge of an adjoining truck is eliminated. In order to control cross 
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erasion, it is necessary to make heat responsibility of a recording layer steep so that the heat flow rate in ! 
alignment with the film surface of a recording layer can be controlled. 

[0006] Although it is satisfactory in respect of a land / groove record since the phase change optical 
recording medium of the rapid heating quenching configuration mentioned above has little cross erasion,! 
it is difficult to realize mark length record. This is because the direction of the effectual rate of light 
absorption of the amoiphous section (Aa) becomes higher than the effectual rate of light absorption of 
the crystal section (Ac) with the rapid heating quenching configuration which sees fi-om a light beam 
incidence side and serves as total reflection with a recording layer simple substance since the reflection \ 
factor of the amorphous section is lower than the reflection factor of the crystal section. 
[0007] Then, in order to satisfy the conditions of Aa<=Ac, the phase change optical recording medium i 
which has improved the laminated structure as follows is proposed. (1) The configuration which 
prepared the translucent layer (absorption coefficient adjustment layer) which consists of Si with a low | 
absorption coefficient to thin Au or operating wavelength (for example, before or after 650nm) of about ; 
lOnm instead of the reflecting layer of high temperature conductivity of the maximum upper layer of the j 
rapid heating quenching configuration mentioned above. With this configuration, the conditions of 
Aa<=Ac are realizable by making a part of light penetrate in a translucent layer. (2) The configuration 
which made thick to about 100-200nm thickness of the 2nd interference layer of the rapid heating 
quenching configuration mentioned above. With this configuration, the conditions of Aa<=Ac are 
realizable using optical interferential action. Furthermore, in addition to the above-mentioned 
configuration, the configuration which inserted the translucent layer (absorption coefficient adjustment i 
layer) between the substrate and the 1st interference layer is known, and heat responsibility can also be : 
improved with this configuration. However, in the phase change optical recording medium which has 
such a configuration, heat responsibility becomes slow, cross erasion becomes easy to take place and the \- 
problem that a rq^eat over-writing property also deteriorates arises. 

[0008] Moreover, the present phase change optical recording medium is designed considering record 
and playback with red laser as a premise. Since the demand to high density record of a phase change 
optical recording medium is strong, it continues to be expected that short wavelength laser (for example, \ 
blue laser with the increasing possibility of development etc.) is used inevitably. When such a technical \ 
trend is assumed, also in future high density record and regeneration system, it becomes indispensable 
conditions that the phase change optical recording medium corresponding to low consistency record and : 
the regeneration system till then is reproducible firom a viewpoint which utilizes huge information 
property, and it is desirable for record to be also still more possible. 

[0009] However, though optimal record and reproducing characteristics are acquired by red laser in 
order to be greatly dependent on wavelength, the optical constant of the ingredient used for a phase 
change optical recording mediimi falls remarkably, and may become playback impossible or it may 
become impossible [ an optical constant / a reflection factor ] in future short wavelength laser even ! 
according to tracking further. Thus, it is very difficuh to fill a demand of compatibility with a future | 
system with the conventional phase change optical recording medium. 
[0010] 

[Problem(s) to be Solved by the Invention] An over-writmg repeat property and a cross erasion property ; 
are good, and can respond to mark length record, and the purpose of this invention has them in offering i 
the phase change optical recording medium which was moreover excellent also in compatibility with the \ 
system using future short wavelength laser. 
[0011] 

[Means for Solving the Problem] The phase change optical recording medium of this invention is a 
phase change optical recording medium which has the structure where the laminating of two or more 
layers containing a phase change optical recording layer and an absorption coefficient adjustment layer \ 
was carried out on tiie substrate, and an absorption coefficient adjustment layer is characterized by 
consisting of particle distribution film which distributed the metal particle in the dielectric„and metal 
continuation film. 

[0012] The absorption coefficient adjustment layer may consist of the particle distribution fihn which 
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distributed the metal particle in the dielectric, dielectric continuation film, and metal continuation fibn in| 
this invention. Moreover, an absorption coefficient adjustment layer may be prepared between a phase 
change optical recording layer and a substrate, and may be prepared in a substrate and the opposite side ' 
to a phase change optical recording layer. It is desirable to adjust so that it may become lower than the 
effectual rate of light absorption (Ac) in case the effectual rate of light absorption (Aa) in case a phase 
change optical recording layer is in an amorphous state is in a crystallized state with any structure. Here, : 
the "effectual" rate of light absorption means the rate of light absorption when seeing the phase change ; 
optical recording layer of the phase change optical recording medium which has a laminated structure 
fi-om a light beam incidence side. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is explained more to a detail. The phase change ] 
optical recording medium of this invention has the structure where the laminating of two or more layers i 
containing a phase change optical recording layer and an absorption coefficient adjustment layer was 
carried out on the substrate. i 
[0014] As an ingredient which constitutes a phase change optical recording layer, between a crystallized ; 
state and an amorphous state is reversibly changed by optical exposure, and the ingredient with which 
optical properties differ among both conditions is used. Specifically, GeSbTe, InSbTe, SnSeTe, 
GeTeSn, InSeTlCo, etc. are mentioned. 

[0015] An absorption coefficient adjustment layer contains in a dielectric the particle distribution film 
and metal continuation fibn which distributed the metal particle. The ingredient of the dielectric which 
constitutes the particle distribution fibn can be chosen fix)m an inorganic material and organic polymers, ! 
such as an oxide, a nitride, carbide, and a boride. As an inorganic material, Si-0, aluminum-0, Zr-0, Si- ; 
N, B-N, Si-C, etc. are mentioned. These inorganic materials do not necessarily need to have 
stoichiometric composition. Polytetrafluoroethylene (PTFE), a hydrocarbon system polymer, etc. are 
mentioned as an organic polymer. As a metallic material distributed as a particle in a dielectric in the 
particle distribution film, the alloy containing aluminum, Aii, Cu, Si, or these is mentioned. Two or 
more sorts of metal particles may be distributed. The magnitude of the metal particle distributed in a 
dielectric is set as a value sufficiently smaller than the spot size (usually submicron order) of the laser 
beam which irradiates at the time of record fi'om a viewpoint which prevents dispersion of light. 
Moreover, as an ingredient of the metal continuation fihn, the alloy containing aluminum, Au, Cu, Si, or 
these is mentioned. The metal particle and metal continuation fihn in the particle distribution fihn may ; 
consist of the same ingredient mutually, and may consist of a different ingredient. In a dielectric, an 
absorption coefficient adjustment layer inserts the dielectric continuation film between the particle 
distribution fihn and metal continuation film which distributed the metal particle, and is good also as a 
three-tiered structure of the particle distribution fibn / dielectric continuation fihn / metal continuation 
film. In this case, the dielectric and dielectric continuation film which constitute the particle distribution ■ 
fibn may consist of the same ingredient mutually, and may consist of a different ingredient. In addition, • 
especially the built-up sequence of each fibn is not limited, but can be suitably changed in consideration i 
of heat conduction etc. 

[0016] The absorption coefficient adjustment layer containing the particle distribution film and the metali 
continuation fibn has the operation which makes small the wavelength dependency of the optical 
constant of a phase change optical recording medium. Hereafter, this point is explained. It is known that ] 
light absorption will happen to the specific wavelength decided by the optical constant of the ingredient ; 
of a particle, particle size, the rate of volume fillmg, and a dielectric etc. in the fibn which distributed the; 
metal particle in a dielectric, and this absorption is called the Maxwell Gamett (Maxwell Gamett) 
absorption. For this reason, the optical constant (an absorption coefficient, permeability, reflection 
factor) of the particle distribution film shows a characteristic wavelength dependency. Moreover, the 
optical constant of the metal contmuation fibn also changes with an mgredient, thickness, etc. Therefore,! 
it can adjust so that the wavelength dependency of the optical constant of the particle distribution fibn 
and the metal continuation fibn may become complementary relation mutually. 

[0017] By having the above particle distribution fibn and the metal contmuation fibn, and preparing the ; 
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very small film (absorption coefficient adjustment layer) of the wavelength dependency of an optical 
constant equivalent, either the system using the present red.laser or system using future short 
wavelength laser can enable record and playback, and the phase change optical recording medium of this 
invention can secure compatibility for it. 

[0018] As for the phase change optical recording medium of this invention, it is desirable to have a 
laminated structure which becomes lower than the effectual rate of light absorption (Ac) in case the 
effectual rate of light absorption (Aa) in case a phase change optical recording layer is in an amorphous 
state is in a crystallized state. In this case, an absorption coefficient adjustment layer may be prepared 
between a phase change optical recording layer and a substrate, and an absorption coefficient adjustment 
layer may be prepared in a substrate and the opposite side to a phase change optical recording layer. The 
structure which formed the 1st interference layer, the phase change optical recording layer, the 2nd 
interference layer, and the absorption coefficient adjustment layer as a concrete laminated structure on 
the structure in which an absorption coefficient adjustment layer, the 1st interference layer, the phase 
change optical recording layer, the 2nd interference layer, and the reflecting layer were formed on (1) 
substrate, and (2) substrates is mentioned. In addition, it is also possible to play the role of a reflecting 
layer with an effectual absorption coefficient adjustment layer in (2). Furthermore, a metallic reflective 
layer may be prepared. A laminated structure can be suitably designed besides these. 
[0019] Among absorption coefficient adjustment layers, even when the laminated structure which fills 
Aa<=Ac as mentioned above is adopted, since the thermal conductivity of the metal continuation fibn is • 
high, heat responsibility becomes steep and becomes advantageous to controlling cross erasion. 
[0020] The mgredient of others which constitute the phase change record medium of this invention is 
explained. A polycarbonate, polymethylmethacrylate (PMMA), etc. can be used as an ingredient of a 
substrate. The groove for a tracking guide is prepared in the front face of a substrate. The laminating of : 
various kinds of film is carried out on the groove face of such a substrate. As an ingredient of thie 1st 
interference layer and the 2nd interference layer, an oxide, a nitride, carbide, a boride, a sulfide, 
fluorides, or such mixture can be used, as a typical ingredient - ZnS-Si02 and Ta 205 etc. - it is 
mentioned. As a reflecting layer, the alloy containing aluminum, Au, Cu, or these can be used. 
[0021] In the phase change optical recording medium of this invention, in order to prevent the camber of; 
a substrate and to stabilize record playback actuation, the opposite substrate which consists of the same ■ 
quality of the material as a substrate on the maximum upper layer may be pasted up. For example, 
ultraviolet-rays hardening resin can be used for a glue line. 
[0022] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
The sectional view of the phase change optical recording medium in this example is shown in example I ; 
drawing 1 . In drawing 1 , the absorption coefficient adjustment layer 2 of two-layer structure, the 1st 
interference layer 3, the phase change optical recording layer 4, the 2nd interference layer 5, and the 
reflecting layer 6 are formed on the substrate 1. The absorption coefficient adjustment layer 2 consists of j 
particle distribution film 21 and metal continuation film 22. 

[0023] The phase change optical recording medium of drawing 1 can be manufactured, for example by | 
the following approaches, the optical disk substrate 1 made fi-om a polycarbonate with which the groove 
was prepared — the substrate electrode holder of a multilocular sputtering system ~ equipping — Au 
target and Si02 the spatter room in which the target was attached setting - RF - duality -- a 
coincidence bias spatter — Au-Si02 of 40nm of thickness fi"om — the becoming particle distribution film ; 
21 is formed. The metal continuation film 22 which consists of Au of 1 Inm of thickness by RF spatter 
only using Au target at the same spatter room is formed. Next, ZnS«Si02 At the spatter room in which 
the composite target was attached, the 1st interference layer 3 of ISOnm of thickness is formed by RF 
spatter. Next, at the spatter room in which the GeSbTe target was attached, the phase change optical 
recording layer 4 of lOnm of thickness is formed by DC spatter. Continuously, it is ZnS-Si02. At the 
spatter room in which the composite target was attached, the 2nd interference layer 5 of SOnm of 
thickness is formed by RF spatter. Finally, at the spatter room in which the AlMo target was attached, 
the reflecting layer 6 of SOnm of thickness is formed by DC spatter. 
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[0024] Au-Si02 from - the becoming particle distribution film - setting - the volume fraction of Au - | 
duality - it can control by the injection power ratio to each target at the time of a coincidence spatter, 
and the particle size of Au particle can be controlled by bias power impressed to a substrate. In this 
example, according to the count based on the Maxwell Gamett absorption theory, a spatter injection 
power ratio and substrate bias power were adjusted so that the volume fraction of Au particle might set ; 
and a mean diameter might be set to 15nm 20%. In addition, since the thickness of the volimie fraction \ 
of the optimal metal particle, mean particle diameter, and the particle distribution film changes 
according to dielectric materials and a metallic material, the degree of freedom of a design improves. 
[0025] Au-Si02 of the monolayer produced on the same conditions as the above on the glass substrate \ 
flat to drawing 2 About the distributed fihn and Au continuation film of a monolayer, the result of 
having investigated the wavelength (lambda) dependency of permeability (Tr) is shown. Au-Si02 In the : 
curve of the distributed fihn, the Maxwell Gamett absorption has taken place in the wavelength region \ 
to which permeability is falling. On the other hand, the curve of Au continuation fihn is Au-Si02. It 
turns out that the curve of the distributed fihn shows a completely different configuration, and both have \ 
a complementary relation. 

[0026] About the phase change optical recording medium of drawing 1 , optical count of the reflection i 
factor of two sorts of wavelength lambda 1 and (650nm) the phase change recording layer m lambda 2 \ 
(410nm) and an absorption coefficient was performed. Consequently, the difference of a reflection 
factor (Ra) in case a phase change recording layer is in an amorphous state on any wavelength, and the | 
reflection factor (Rc) when being in a crystallized state is 8% or more, and it was expected that it is \ 
reproducible good. Moreover, an effectual absorption coefficient (Aa) in case a phase change recording \ 
layer is in an amorphous state on any wavelength is a value lower than the effectual absorption 
coefficient (Ac) when being in a crystallized state, and it was expected that it can respond to mark length; 
record. . 1 

[0027] The conventional phase change optical recording medium shown in drawing 3 for a comparison ; 
was manufactured, the translucent layer 7 which consists of Au on a substrate 1 in drawing 3 , and ZnS- : 
Si02 from ~ the becoming 1st interference layer 3, the phase change optical recording layer 4 which 
consists of GeSbTe, and ZnS-Si02 from - the becoming 2nd interference layer 5 and the reflecting 
layer 6 which consists of AJMo are formed. The thickness of the phase change optical recording layer 4 ; 
set the thickness of lOnm and a reflecting layer 6 as 50nm. The thickness of the other translucent layer \ 
7, the 1st interference layer 3, and the 2nd interference layer 5 is wavelength lambda 1. It set up so that it| 
might set and the optimal optical property might be obtamed. Specifically, it is wavelength lambda 1 . It \ 
adjusted so that it might set, a difference with the reflection factor (Rc) when being in a reflection factor ; 
(Ra) and a crystallized state in case a phase change recording layer is in an amorphous state might 
become 6%. or more and it might become lower than an effectual absorption coefficient (Ac) in case an 
effectual absorption coefficient (Aa) in case a phase change recording layer is in an amorphous state is 
in a crystallized state. 

[0028] About the phase change optical recording medium of drawing 3 , optical count of the reflection 
factor of the phase change recording layer in lambda 2 (410nm) and an absorption coefficient was 
performed. It turns out that there is a difference of Ra and Rc only about 2%, and sufficient regenerative 
signal is not acquired. Moreover, it turns out that Aa becomes higher than Ac, and it cannot deal with 
. high density record since it is unsuitable to mark length record. 

[0029] Record / playback experiment was actually conducted about drawing 1 and the phase change 
optical recording medium of drawing 3 . Equipment equipped with the optical pickup head 
. corresponding to two sorts of wavelength lambda 1 and (650nm) lambda 2 (410rmi) was used for the 
experiment, respectively. Wavelength lambda 1 Light used the light from semiconductor laser as it was. 
Wavelength lambda 2 By the secondary nonlinear optical element, light carried out wavelength 
conversion and used the light from semiconductor laser. 

[0030] First, it is lambda 1 to the phase change optical recording mediimi of drawing 1 . When it 
recorded and reproduced using the pickup head, 54dB CNR was obtained. It is lambda 2, without 
eliminating this record. When it reproduced using the pickup head, S2dB CNR was obtained. 
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[003 1] It is [ as opposed to / on the other hand / the phase change optical recording medium of drawing \ 
3 ] lambda 1. When it recorded and reproduced using the pickup head, 53dB CNR was obtained. It is 
lambda 2, without eliminating this record. When it reproduced using the pickup head, CNR became very j 
small with 26dB. This has a small difference with the reflection factor (Rc) when being in a reflection 
factor (Ra) and a crystallized state in case a phase change recording layer is in an amorphous state, and ; 
is because sufficient signal strength is not obtained. 

[0032] The sectional view of the phase change optical recording medium in this example is shown in 
example 2 drawing 4 . In drawing 4 , the 1 st interference layer 3, the phase change optical recording 
layer 4, the 2nd interference layer 5, and the absorption coefficient adjustment layer 2 of two-layer 
structure are formed on the substrate 1 . The absorption coefGcient adjustment layer 2 consists of metal i 
continuation fihn 22 and particle distribution fihn 2 1 . This phase change optical recording medium as 
well as an example 1 can be manufactured by sputtering. All the thickness of the absorption coefficient \ 
adjustment layer 2 which consists of metal continuation film 22 and particle distribution fihn 21 is 
comparatively thin, and it is designed so that a part of light may penetrate. 

[0033] According to optical count, it sets also about the phase change optical recording medium of 
drawing 4 to two sorts of wavelength lambda 1, and (650nm) lambda 2 (410nm). The difference with thei 
reflection factor (Rc) when being in a reflection factor (Ra) and a crystallized state in case a phase 
change recording layer is in an amorphous state was 8% or more, and the effectual absorption 
coefficient (Aa) in case a phase change recording layer is in an amorphous state was a value lower than ; 
the effectual absorption coefficient (Ac) when being in a crystallized state. This shows that good 
playback and high density record are possible on any wavelength. 

[0034] The sectional view of the phase change optical recording medium in this example is shown in 
example 3 drawing 5 . In drawing 5 , the absorption coefficient adjustment layer 2 of a three-tiered 
structure, the 1st interference layer 3, the phase change optical recording layer 4, the 2nd interference 
layer 5, and the reflecting layer 6 are formed on the substrate 1. The absorption coefiQcient adjustment 
layer 2 consists of the particle distribution film 21, dielectric continuation film 23, and metal 
continuation fihn 22. This phase change optical recording medium as well as an example 1 can be 
manufactured by sputtering. 

[0035] As shown in drawing 6 , the particle distribution fihn 21 has the fine structure which distributed | 
the Au particle 212 and the aluminum particle 213 in Si02 21 1. the mosaic target with which such 
particle distribution film 21 consists of Au and aluminum, and Si02 the spatter room in which the target \ 
was attached - setting - RF - duality - membranes can be formed by the coincidence bias spatter. 
Under the present circimistances, the volume fi-action of each metal particle in the particle distribution 
fihn 21 is controllable by adjusting the rate of surface ratio of Au and aluminum of a mosaic target. 
Moreover, the particle size of a metal particle is controllable by the bias power impressed to a substrate. • 
In addition, Au target, aluminum target, and Si02 A target may be used. In this case, the volume 
fi-action of each metal particle in the particle distribution fihn is controllable by the injection power ratio I 
to each target of Au and aluminimi. 

[0036] Thus, even when using mto a dielectric the particle distribution film which two or more sorts of \ 
metal particles distributed, the count based on the Maxwell Gamett absorption theory is possible. 
Moreover, as a parameter for designing an optical constant, the particle size and the volume fi-action of : 
Au and aluminum are mentioned, and since the degree of freedom is high, according to an application, it ; 
can optimize easily. 

[0037] i 
[Effect of the Invention] As explained in full detail above, a difference with the reflection factor (Rc) 
when being in a reflection factor (Ra) and a crystallized state in case a recording layer is in an 
amorphous state in two different wavelength by usmg the absorption coefficient adjustment layer 
containing the particle distribution fihn and the metal continuation film according to this invention can ^ 
be made sufficiently high, and the phase change optical recording medium which has the compatibility ; 
of read-out also by the system using fiiture short wavelength laser can be offered. And in such a phase 
change optical recording niedium, other optical constants and adjustment of the heat conductivity can 
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also be easy, an over-writing repeat property and a cross erasion property can be good, and it can 
respond to mark length record, and can respond to high density record. 



[Translation done.] 
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